Abstract -A sample of 208 specimens from Ctenomys mendocinus-group species (106 females and 102 males) was studied. Five species were included in a comparative cytogenetic and morphometric analysis: Ctenomys flamarioni (N=59), colected between Torres and Estação Ecoló gica do Taim from Brazil, and. Ctenomys australis (N=47), Necochea and Oriente; C. porteousi (N=38), Bonifacio; C. azarae (N=36), Santa Rosa and Anguil; C. mendocinus (N=28), Mendoza from Argentina. All species showed the same diploid number (2n=48). The karyotypes of C. australis and C. flamarioni were compared through G-, C-and NORs banding techniques. Skull morphology of the five species was analysed using Discriminant Analysis. Chromosomes showed small differences between C. flamarioni and C. australis, while analysis of 18 morphometric variables of skull showed more conspicuous differences among species.
INTRODUCTION
The genus Ctenomys presents a large number of species (about 50) and karyotypes (diploid number varying from 10 to 70). Often, each species presents its own karyotype. This was indicated by Reig and Kiblisky (1969) as karyotypic multiformity, suggesting that chromosomal repatterning has been important in speciation (Kiblisky et al. 1977; Freitas and Lessa 1984; Novello and Lessa 1986; Ortells et al. 1990; Massarini et al. 1991; Freitas 1997; Gimenez et al. 1997; Massarini 1998; Garcia et al. 2000a; Garcia et al. 2000b; Gava and Freitas 2002) .
In Argentina there is a special group of Ctenomys species which is formed by C. mendocinus, C. azarae, C. australis, C. chasiquensis, and C. porteousi, denominated mendocinus-group by Massarini et al. (1991) . These species are morphologically similar (Massarini et al. 1986) , present the same asymmetric spermatozoa type (Vitulo et al. 1988) and share a 2n=48 karyotype (Massarini et al. 1991) . The constitutive heterochromatin occurs in blocks which are spreaded out along the centromere and short arm of all biarmed chromosomes (Massarini et al., 1991) . Additionaly, Rossi et al. (1993) found a large amount of major satellite DNA named Repetitive Pvu II Ctenomys Sequences (RPCS) in species belonging to this group.
Recent data included two more species in the mendocinus-group: C. flamarioni, from Brazil, and C. rionegrensis, from Uruguay (Freitas 1994) . Ctenomys flamarioni has the same chromosome number, large heterochromatic blocks and asymmetric spermatozoa (Freitas 1994 (Freitas , 1995a . However this inclusion was based only in literature data. Ctenomys rionegrensis from Argentina presents 2n=50 and its biarmed chromosomes present heterocromatic blocks in the short arms. By other hand, D 'Elia et al. (1998) studied the status of several species of Ctenomys with mtDNA. These authors found a strong relationship between C. flamarioni and C. mendocinus, with. an interespecific divergence of 2.98%. In the same mtDNA analysis Ctenomys rionegrensis, also included in mendocinus-group by Freitas (1994) , shows similar results, with 83-99% bootstrap values in maximum parsimony phylogenetic * Author for correspondance.
analysis and neighbor joining (D'Elia et al. 1998) . These findings suggest that in Ctenomys several species lineages with different ancestors could be distinguished; and in the mendocinus-group, for example, C. mendocinus could be the ancestor as suggested by Massarini et al. (1991) .
Ctenomys flamarioni was described by Travi (1981) and the status of this species was initially questioned by Reig (personal communication) because C. flamarioni and C. australis are two ecologically equivalent species that have the same adaptive pale pelage color, live in similar environment, and have 48 chromosomes (Massarini et al. 1991; Freitas 1994) . Ctenomys flamarioni lives in sand dunes near the sea in the Coastal Plain of southern Brazil (Freitas 1995b) . Usually these dunes show limited plant cover. The animals live alone in tunnels until the breeding season, which starts in August. The burrows are opened both facing and toward away from the sea. These animals leave their tunnels and walk around the mounds for feeding and collecting bushes. Ctenomys australis lives in the grassy sand dunes along Argentinian seashores, and like C. flamarioni, individuals live alone in tunnels (Zenuto & Bush 1995) and have similar behavior in relation to breeding season.
This report describes and compares the karyotypes of C. flamarioni and C. australis as revealed by G-, C-, NOR bands, Chromomycin A 3 and DAPI. The skulls are compared morphologically among all the species. Based on this data the relationship between this two species is analyzed and the inclusion of C. flamarioni in the mendocinus group is re-examined.
MATERIAL AND METHODS
The all sample consists of 106 females and 102 males: Ctenomys flamarioni (32 females and 27 males) between Torres and Estação Ecoló gica do Taim, Brazil; Ctenomys australis (18 females and 29 males) between Necochea and Oriente; C. porteousi (20 females and 18 males) from Bonifacio; C. azarae (20 females and 16 males) from Santa Rosa (La Pampa) and Anguil (La Pampa); C. mendocinus (16 females and 12 males) from Mendoza. All Argentinian species included in this study belongs to mendocinus group (Fig.1) .
To compare karyotypic variation, mitotic chromosomes were obtained according to Ford and Hamerton (1956) . G-banding, C-banding, and nucleolus organizer regions (NORs) were obtained following Seabright (1971) , Sumner (1972) , and Howell and Black (1980) , respectively. The fluorochromes stain was based on Schweizer (1976) for Chromomycin A 3 and DAPI. Chromosomes were numbered according to Massarini et al. (1991) .
To compare morphological variation in species of mendocinus-group 18 skull morphometric characters, as described Langguth and Abella Length (IVPML), Pre-Orbital Foramen Length (POFL) and Mandible Width (MW). All measurements were taken to the nearest 0.05 mm. For statistical tests, the characters were log-transformed before running the analyses. Discriminant Analyses and Principal Component Analysis were used to distinguish morphologically five species of mendocinus-group. For the statistical analysis the program Number Cruncher Statistical System for Windows, version 6.0.21, was used.
RESULTS
Cytogenetics: both C. flamarioni and C. australis have the same diploid number (2n) of 48 chromosomes. The autosomal arm number (FNa) varies from 78 to 50 in C. flamarioni along a NorthSouth gradient, while in C. australis FNa is 76. Extensive deletions and/or amplifications of the heterochromatic short arms cause an interspecific variation between C. australis and C. flamarioni, as well as intraspecific polymorphisms in C. flamarioni.
G-band patterns for C. flamarioni and C. australis are similar (Fig. 2a) . However, the following differences are apparent: pairs A3, A6, and A7 of biarmed chromosomes show deletions in the heterochromatic terminal region of the short arm, and pair A11 in C. australis shows differences in G-band patterns in the long arm, which can be explained by a paracentric inversion.
C-band patterns for the two species exhibit high level of similarity in the autosomes and in the sex chromosomes (Figure 2b ). Pairs A1 to A4 and A6 to A11 are biarmed with whole heterochromatic short arms, pairs A5, and A13 to A15 are biarmed chromosomes with centromeric heterochromatin, and pair A12 and the Y chromosome show heterochromatic long arms. The telocentrics B1 to B8 and the X chromosome present centromeric C-bands. Both species also share equivalent patterns of NOR which are located in the secondary constriction of pair B5.
The chromomycin A 3 ( Fig. 3a) and DAPI patterns are share for both species (Fig. 3b) . The results with fluorochromes are unusual because the pattern found with chromomycin A 3 and DAPI do not show a reverse pattern in all chromosomes. Only in two pairs, A14 and B1 there are differences in staining. With DAPI, the heterochromatin in pair A14 is negative while centromeric het- Figure 4 shows the scores of PC1 and PC2 in males (4a) and females (4b), which reveal the differences between C. flamarioni and the other four species.
In males the classification of individuals was 100% and, in females, 98.8%. In both analyses the Canonical Variate Analysis (Figure 4c and 4d) showed four eigenvalues, the first represents the major variation which clearly separates C. flamarioni from other species (Canonical Correlation=0.99 for males and 0.98 for females).
DISCUSSION
The genus Ctenomys comprises fossorial rodents with a patchy distribution, low vagility, and territoriality. Reig and Kiblisky (1969) pointed that Ctenomys karyotypic multiformity. However, in the mendocinus-group this fact is not evident. Although presenting karyotype similarities, Ctenomys flamarioni lives far from C. australis, C. azarae, C. medocinus and C. porteusi, and exhibits conspicuous differences in skull morphology. As results show, both C. flamarioni and C. australis and other species of mendocinus group have 2n=48 (Massarini et al. 1991 and . The same is observed in relation to quality of heterochromatin; in view that both species have the same fluorescent pattern for DAPI and chromomycin A 3 . However, quantitatively, in C. flamarioni the constitutive heterochromatin presents a North-South gradient, evidencing a cytogenetic difference that is potentially important in the speciation process (Freitas 1994) .
The analysis of skull morphology by Principal Components Analysis and Discriminat Analysis show the same result: strong differences between C. flamarioni and the rest of species are shown in the analysis of 19 skull characteristics. This pattern is also observed in other species of Ctenomys (Freitas and Lessa 1984) . Massarini et al. (1991) introduced the concept of the mendocinus-group as formed by five species, C. mendocinus, C. azarae, C. australis, C. chasiquensis, and C. porteousi, which (Massarini et al. 1986) , present the same form of spermatozoa (Vitullo et al. 1988 , Freitas 1995a ) and the same 2n=48 karyotype, with constitutive heterochromatin blocks which are spread out along the centromere and short arm of all chromosomes (Massarini et al. 1991) . Freitas (1994 Freitas ( , 1995a suggested that C. flamarioni belongs to the mendocinus-group. The present study confirms those results: C. flamarioni belongs to this group of species due to the high karyotypic homology whith C. australis and the other mendocinus-group species, and is a different species from C. australis. These results are strongly confirmed by D' Elia et al. (1998) which based in mtDNA data analyzed phylogentyic relationships between C. flamarioni, C. mendocinus and C. rionegrensis,and observed that these species form a different group among others species of Ctenomys. Also Slamovits et al. (2001) suggest the same. They analyzed rearrangements in satellite DNA with in 31 species of Ctenomys: the species of mendocinus group formed one cluster that included C. australis, C. porteousi, C. mendocinus and C. rionegrensis.
The genus Ctenomys shows a combination of attributes which are related to their subterranean way of life. These attributes, which may help to understand their extensive species diversification, are patchy distribution, limited vagility, territoriality, small effective numbers, and socially-structured mating systems. These factors may be important in facilitating chromosomal speciation through mechanisms of segregational hybrid sterility. The high karyotypic heterogeneity in Ctenomys supports this hypothesis. However, the species of the mendocinus group show a high karyotype stability, with the same 2n=48, together whith a moderate differentiation at the morphological level, that may result from local adaptive divergence. In the case of C. flamarioni and C. australis, the concept of karyotypic multiformity of Reig and Kiblisky (1969) is not evident. The major differences found between both species are morphological, while the karyotypes are very similar. This suggests that evolutionary patterns of the genus Ctenomys are very complex. For sure, in Pleistocene, the Coastal Plain of the Southern region of South America was larger than now (Ab'sá ber 1990). The ancestor of these two species would have been distributed throughout this region. Later, due to regressional movements of the sea, the geographic distribution was splitted by the rising of sea level and the Rio de la Plata, thus initiating the speciation process that resulted in C. flamarioni and C. australis. Similar patterns occurred with other species, as for example Reithrodon auritus (Freitas et al. 1983, and Ortells et al. 1988) and some species of the genus Scapteromys that present 2n=24 in the north of Rio de La Plata river and 2n=32 in Argentina (Freitas et al. 1984 , Brum-Zorilla 1986 .
